Background Although there is extensive literature supporting a high success rate, there are limited data on return to work after total knee arthroplasty (TKA). Questions/purposes We sought to determine (1) the percentage of patients who returned to work after TKA;
Introduction
TKA is among the most widely performed and widely studied of medical procedures. It has been highly successful in relieving pain and restoring function in patients with advanced arthritis of the knee [12] . It is well known that many patients who have undergone joint arthroplasty benefit from improved pain relief, mobility, and functional demands of daily living. It is expected over the next 10 years that there will be a significant increase in the number of TKAs performed in the United States and throughout the world [5, 7] . Although in the past TKA has been reserved for older and more sedentary patients, the demand for return to active lifestyles has pushed many patients and physicians to perform these procedures on patients who are young and working [11, 16] . Demand for primary TKA in patients younger than 65 years old is projected to exceed 50% of all patients undergoing TKA by 2016 [6] , and many of these patients will be in the workforce at the time they have the procedure. There are limited data on return to work after TKA [2-4, 9, 10, 13, 17-19] .
A similar multicenter, retrospective study involving four of the five centers in the current study was performed to evaluate the effect of hip arthroplasty (including total and resurfacing hip arthroplasty) on patients' ability to work and return to work [14] . The authors found that 90% of young, active patients returned to work after hip arthroplasty with the vast majority returning to their preoperative occupation and very few limited in their ability to return to work because of their operated hip.
In this study, we sought to determine (1) the percentage of patients who returned to work after TKA; (2) what percentage returned to their original job; (3) whether this varied based on the physical job demand category; and (4) whether there were differences between men and women in terms of the likelihood of returning to work after TKA.
Patients and Methods
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for medical and scientific research. The additional institutions and survey center further obtained their own institutional review board approval. Each participating institution had a high volume of TKAs performed by an experienced core group of surgeons and each had a well-established joint registry in place; each center provided a geographically diverse mix of academic, referral, and community-based practice. All implants were approved for the uses described in this study by the US Food and Drug Administration. At each center, the determination for patients to return to work after TKA was based on each patient's course of recovery postoperatively and job physical demands. In general, patients employed in sedentary jobs were allowed to return to work whenever they could safely get there, generally at 2 to 6 weeks, and advised to elevate the operated extremity when possible and get up and walk around at appropriate intervals. Driving was allowed after discontinuation of narcotic pain medications, for the left extremity at the patient's discretion, and for the right extremity when capable of a safe brake response. For lightduty jobs that require more standing and walking, patients were allowed to return when they could walk without a limp, generally at 6 to 12 weeks. For heavy demand jobs, patients were allowed to return to work generally at 10 to 12 weeks, when they were capable of safely performing their job requirements. Each center makes exceptions for motivated patients who wish to return to work earlier than the general guidelines indicate.
Each investigation center evaluated their knee surgery registry and compiled a consecutive list of patients who fulfilled the inclusion and exclusion criteria for the study. The multicenter study was conducted of male and female patients of working age who underwent TKA 1 to 3 years previously, from July 2007 through July 2010, and had a minimum of 1-year followup. Inclusion criteria were (1) men or women at least 18 years of age and no older than 60 years of age at surgery, inclusive, and skeletally mature;
(2) patients requiring primary knee surgery as a result of noninflammatory arthritis (degenerative joint disease) such as osteoarthritis, traumatic arthritis, or avascular necrosis; (3) patient's index surgery was 1 to 3 years before the start of the study; (4) the patient was willing to consent to participate in the study; and (5) the patient met none of the exclusion criteria. Exclusion criteria were (1) patients with a history of previous infection or sepsis in the knee or fracture, dislocation, or revision to the operated knee; and (2) patients with extensive medical comorbidities including hypertension in combination with other comorbidities, renal failure, coronary artery disease, liver disease, sickle cell disease, inflammatory arthropathy, respiratory disease, cancer, etc, that would limit their activity level.
Each center then mailed its eligible patients a standard letter describing the research study. The letter explained the goals of the study and that the patient would be receiving a telephone call from a specially trained interviewer located at the University of Wisconsin. The identified patients from all five sites were reviewed and compiled by the coordinating center and forwarded to the independent third-party telephone research survey company, which then administered an unbiased and blinded telephone knee function assessment questionnaire. This independent research survey company was not affiliated with any of the five investigational sites and has expertise in collecting healthcare data for state and federal agencies. Patients were not offered any incentive to participate in the study.
The survey questionnaire was designed by the coordinating center with assistance from the third-party telephone survey center with the purpose of assessing objective outcomes important to high-demand patients after undergoing TKA and is essentially the same as the questionnaire used in the aforementioned earlier study of patients undergoing hip arthroplasty [14] . The questionnaire used a unique skip logic preprogrammed algorithm (Appendix 1) to compare pre-and postoperative outcomes related to employment. Definitions from the US Department of Labor's Dictionary of Occupational Titles (DOT) were used to determine physical job demand categories of sedentary, light, medium, heavy, and very heavy ( Table 1 ) [1] . Although the DOT was replaced in 1998 by an online database, Occupational Information Network (O*NET) [15] , data from the 1991 revised fourth-edition DOT are used extensively by the Social Security Administration for determining disability and are available online through the Office of Administrative Law Judges Law Library [1] .
Interviews were conducted from August 2011 to April 2012, and all interviews were conducted in English. Interviewers called each patient at the telephone number(s) provided by their surgeon's institution. If successfully contacted, the interviewer asked the patients a series of screening questions to confirm eligibility for the study. The full questionnaire was administered to only those patients who gave verbal consent to participate, were confirmed to be eligible, and determined to be capable of participation based on their responses to the screening questions. The survey protocol called for 25 telephone call attempts per patient. Cases involving a refusal to participate were called back in an attempt to convert the refusal to a completed interview. However, no further attempts were made if a second refusal occurred, and conversion was not attempted after irate refusals. Interviews were performed using a computer-based telephone interviewing system featuring CASES 4.3.7 software (Computer-Assisted Survey Methods Program at the University of California-Berkeley, Berkeley, CA, USA). With the CASES software, the text of the survey appears question by question on a computer screen for the interviewer to read to the respondent.
The interview is routed based on preprogrammed skip logic that allows for precoded questions, open-ended questions, and combinations of the two.
The initial cohort consisted of 1139 consecutive patients who underwent TKA and met the inclusion criteria to participate in the survey. Of those, there were 112 screen failures, 54 refusals at the household level, and 69 participant refusals. An additional 114 participants were never available, 109 were not found as a result of a bad address/ phone number, eight had died, seven were contacted but did not complete the interview, and five had a language barrier that prevented them from completing the survey. This left 661 completed interviews for final analysis (response rate 64.4%). The average patient age at the time of knee operation was 54 years (range, 19-60 years). Sex was female in 405 patients (61%) and male in 256 (39%). The operative side was the right in 336 knees (51%) and left in 325 (49%). Preoperative diagnosis was osteoarthritis in 646 knees (98%), posttraumatic arthritis in 13 (2%), and two avascular necrosis. Implant type was cruciate-retaining in 346 (52%), posterior-stabilized in 181 (27%), rotating platform in 61 (9%), high flexion in 42 (6%), and sex-specific in 31 (5%). The average time to the interview after knee surgery was 2.6 years (range, 1-5 years).
Of the 661 patients interviewed about their employment history, 494 (75%) reported working for pay in the 3 months before their TKA, whereas 166 (25%) reported they had not been working. Based on questions related to the physical demands of the last job they worked before undergoing TKA, the patients' job DOT physical demand categories before surgery were sedentary for 73 (12%), light for 65 (10%), medium for 151 (24%), heavy for 149 (24%), and very heavy for 187 (30%) ( Table 2) . Of the 166 patients not working before surgery, the primary reason given was categorized as retired for 54 (33%), unable to work 47 (28%), keeping house 37 (22%), looking for work three (2%), and something else for 23 (14%), whereas two patients did not state a reason. For the patients who were not working before their TKA, the time since they had last worked averaged 6.4 years (SD, 8.2; range, 0.01-45 years). Light labor Exerting up to 20 pounds of force occasionally, and/or up to 10 pounds of force frequently, and/or a negligible amount of force constantly (constantly: activity or condition exists two-thirds or more of the time) to move objects. Physical demand requirements are in excess of those for sedentary work.
Although the weight lifted may be only a negligible amount, a job should be rated light work: (1) when it requires walking or standing to a significant degree; or (2) when it requires sitting most of the time but entails pushing and/or pulling of arm or leg controls; and/or (3) when the job requires working at a production rate pace entailing the constant pushing and/or pulling of materials although the weight of those materials is negligible. NOTE: The constant stress and strain of maintaining a production rate pace, especially in an industrial setting, can be and is physically demanding of a worker even though the amount of force exerted is negligible.
Teacher, assembly line worker, sewing machine operator, retail clerk
Medium labor
Exerting 20 to 50 pounds of force occasionally, and/or 10 to 25 pounds of force frequently, and/or greater than negligible up to 10 pounds of force constantly to move objects. Physical demand requirements are in excess of those for light work.
Postal worker, maintenance worker, taxi driver, bus driver Heavy labor Exerting 50 to 100 pounds of force occasionally, and/or 25 to 50 pounds of force frequently, and/or 10 to 20 pounds of force constantly to move objects. Physical demand requirements are in excess of those for medium work.
Heavy machine operator, truck driver, mechanic Very heavy labor Exerting in excess of 100 pounds of force occasionally, and/or in excess of 50 pounds of force frequently, and/or in excess of 20 pounds of force constantly to move objects. Physical demand requirements are in excess of those for heavy work.
Construction worker, farmer, produce picker, stock clerk Statistical differences in return to work rates between sexes and physical demand categories were measured using chi-square analyses. A one-way analysis of variance was used to compare differences in mean years since last worked preoperatively, months worked with restrictions, weeks unable to work, and hours worked per week between the physical demand category groups, whereas Student's t-test was used to compare differences in these means between sexes. All p values were two-sided with p values \ 0.05 considered statistically significant. Ninety-five percent confidence intervals were used in all analyses.
Results
A large majority (98%) of the 494 patients who were working during the 3 months before their TKA returned to work at some point after recovery from surgery. The 143 patients (23%) who did not work at all after their TKA cite the following primary reasons: 66 (46%) retired, 30 (21%) were keeping house, 21 (15%) were unable to work, 11 (8%) were looking for work, one was a volunteer, one decided not to return to work for reasons not related to the operative knee, and 14 (12%) for something else. Of the 21 patients who were unable to work, all were permanently disabled.
Of the 482 patients who worked at some point after undergoing TKA, 440 (91%) were able to return successfully to their usual job either with or without restrictions, whereas 42 (9%) patients did not return to the same job. For these patients who returned to work, the length of time for recovery after surgery averaged 8.9 weeks (SD, 9.1; range, 0-104 weeks). Ninety-two patients (19%) reported having some type of temporary postoperative restrictions at work after surgery because of their knee operation, which lasted for an average of 3 months (SD, 4.0; range, 0.2-24 months).
When stratified by physical demand category, the rate of patients who were able to return to their usual job was not significantly different between groups ( Table 2 ). For the 42 patients overall who did not return to their usual job, 11 (26%) said the reason was primarily because of their operated knee. Patients employed at very heavy labor required the longest recovery period at 10.7 weeks compared with 8.1 weeks for both heavy and medium laborers, 10.5 weeks for light laborers, and only 6.5 weeks for sedentary laborers (p = 0.011). When stratified by preoperative physical demand category, there was no difference between groups in either need for restrictions or length of time worked with postoperative restrictions.
For patients who worked in the 3 months before TKA, there was no difference between men and women in the percentage of patients who returned to work at any time after TKA (Table 3 ; 96% of men versus 99% of women, p = 0.09). An equal large majority (both 91%) of men and women were able to return to the same job after TKA. Preoperative physical demand categories for men were 45% very heavy, 30% heavy, 18% medium, 7% light, and 10% sedentary, and for women were 20% very heavy, 26% heavy, 28% medium, 13% light, and 13% sedentary. Although men were the majority in the very heavy demand category and the largest category for women was medium demand (28%), there were more women in the very heavy and heavy demand categories (46%) than light and sedentary (26%). There was no difference between sexes in the need for restrictions or length of time worked with restrictions either before or after TKA surgery or in time off work for recovery after surgery.
Discussion
The ability to return to work and continue working is an important goal for many patients undergoing TKA, especially for younger, more active, high-demand patients [11] . Employment is important not only for economic wellbeing, but for many individuals for mental well-being with work providing a sense of personal fulfillment, social interaction, and achievement. Access to affordable health insurance for many patients is a benefit of employment in the United States and many other countries. In one US study of patients between the ages of 18 and 69 years undergoing TKA, 77% were receiving health insurance through their employer [17] . Although TKA is one of the most commonly and increasingly performed surgical procedures in the world, there is limited information for younger, high-demand patients in regard to return to work ( Table 4 ). The existing published studies on return to work after TKA are limited by several factors: (1) there is a wide range in expected recovery time after knee arthroplasty in published studies ranging from 4 to 9 weeks in three US studies [9, 17, 18] to as high as 12 months in one study [2] ;
(2) the patient cohorts were small (\ 120 TKAs) [2, 4, 9, 10] ;
(3) the average patient age was older than 65 years [3, 13, 18, 19] ; (4) the study included low-demand patients [3, 4, 13, 18, 19] ; (5) the study was reported in the literature more than 10 years ago [4, 13, 19] ; and (6) the study was not designed specifically to analyze return to work [3, 9, 19] .
The purpose of this multicenter study was to determine whether young patients who were working before undergoing primary TKA are able to return to work postoperatively and to determine whether the patient's preoperative job physical demand category has an effect on ability to return to work. This study has several limitations. This was a retrospective study, performed by interviewing by telephone patients who were more than 1 year postoperative from TKA, which raises the potential for recall bias [8] . To limit this concern, we set a maximum target for recruitment into the study of patients no more than 3 years after their primary surgery, which in some cases approached 5 years by the time the study was completed. Another limitation of the study is the lack of a 100% response rate. Despite multiple attempts to contact all patients, 36% of the patients did not complete the survey. This was a multicenter study with TKA performed by several surgeons in a geographically diverse group of locations. Therefore, we could not control for differences in patient selection, implant selection, regional differences in local industries and job market, and specific advice given to patients regarding work limitations and return to work after surgery. However, all surgeons were experienced, highvolume arthroplasty specialists. By including a large number of patients from a diverse group of geographic locations within the United States, we sought to give a representational cross-section of the population. We adhered to a strict set of inclusion and exclusion criteria, excluding patients with inflammatory arthropathies and significant comorbidities that might limit their postoperative activity level and confound observations regarding the effects of TKA. The downturn in the US economy and higher unemployment rates may have impacted the ability of study patients to find work before and after surgery. Our surgeries were performed between 2008 and 2010, which coincides with the US economic downturn. Of patients who did not work after their knee surgery, 8% said they had looked for work.
In our study of patients younger than 60 years old undergoing TKA, a large majority of patients working before surgery were able to return to work after surgery, and most were able to return to their usual job after TKA, even very heavy demand jobs.. Patients working in very heavy jobs required the most time off for recovery, an average of 11 weeks, whereas those employed in sedentary positions averaged only 7 weeks for recovery. These recovery periods are consistent with the general recommendations of the participating surgery centers. Our overall average of time of 9 weeks off work for recovery after TKA is the same as that reported in another American study involving 162 patients undergoing TKA, all of whom were working before surgery and followed prospectively for 6 months after surgery [17] . The percentage of patients in our study who required restrictions after surgery (19%) was similar to those requiring restrictions before TKA (18%). The highest percentage of patients by physical job demand category in our study who were still working at 1 year after TKA and when surveyed were those in very heavy demand jobs.
In our study there was no difference between male and female patients in either the percentage who returned to work or in time off work required for recovery after surgery. When assessed by physical demand category, recovery time between men and women was the same in the very heavy, medium, and light categories, but faster for men than women in the heavy and sedentary groups. This is contrast to the findings of Styron et al. [17] in their recent prospective US-based study of 162 young, working patients undergoing TKA. Although their overall recovery time was the same as in our study, women returned to work much Table 4 .
Studies of return to work after knee arthroplasty faster than men independent of physical demand category or obesity. The ability to return to work is an important expectation for many patients considering TKA [11] . In this group of young, active patients undergoing TKA, most returned to work at their usual occupation. Although those patients with sedentary occupations had the highest rate of return to their usual work (97%), even those with very heavy jobs returned to their same job 88% of the time. For purposes of planning for expenses, leave time, and job coverage, time off work for recovery from surgery averaged 2 months overall and 2.5 months for workers in very heavy demand jobs. 2. In the month before your knee operation, about how many hours per week did you work? 3. In the month before your knee operation, did you do your usual work or different work? 4. In the month before your knee operation, did you have any restrictions for your work because of your knee? 5. Before your knee operation, for about how long did you have any restrictions for your work because of your knee? 6. In the last job you had before your knee operation, what kind of work did you do? 7. What were your principle activities or duties? 8. What kind of business or industry was this? 9. Was this mainly manufacturing, wholesale trade, retail trade, or something else? 10. Were you employed by government, by a private company or organization (including nonprofit firms), or were you self-employed or working in a family business? 11. Was this business incorporated? 12. The next questions are about how demanding the last job you had before your operation was physically. In the last job you had before your knee was operated on: a. How often did you lift items weighing more than 100 pounds? b. How often did you lift items weighing between 50 and 100 pounds? c. How often did you lift items weighing between 20 and 50 pounds? d. How often did you lift items weighing between 10 and 20 pounds? e. How often did you lift items weighing up to 10 pounds?
13. In the last job you had before your knee was operated on, did you stand or walk one-third of the time or less or more than one-third of the time? 14. In the last job you had before your knee was operated on, would you describe the physical demands of the job as very light, light, medium, heavy, or very heavy? 15. Since your knee operation, have you worked at all? a. If no, have you looked for work, kept house, been unable to work, been retired, been volunteering, decided not to return to work, or something else? b. If no, are you or were you temporarily unable to work or are you permanently disabled? c. If no, did you decide not to return to work primarily because of your operated knee? d. If no, what did you do? 16 . After your knee operation, for how many weeks were you unable to work as a result of your operation? 17. After your knee operation, did you ever return to the usual job you had before your knee operation either with or without restrictions? a. If no, after your knee operation did you not return to your usual job primarily because of your operated knee?
18. After your knee operation, did you ever have any restrictions for your work because of your knee operation? a. If yes, after your knee operation, for about how long did you have any restrictions for your work because of your operated knee?
19. At this time are you still working? a. If no, are you still not working primarily because of your operated knee? b. If no, were you still working 1 year after your knee operation? 20. In the last 30 days, how many hours per week did you work? 21. One year after your knee operation, were you working in the usual job you had before your knee operation? 22. In the job you had 1 year after your knee operation, what kind of work did you do? 23. What were your principle activities or duties? 24. What kind of business or industry was this? 25. Was this mainly manufacturing, wholesale trade, retail trade, or something else? 26. Were you employed by government, by a private company or organization (including nonprofit firms), or were you self-employed or working in a family business? 27. Was this business incorporated? 28. The next questions are about how demanding the job you had 1 year after your operation was physically. In the job you had 1 year after your knee was operated on: a. How often did you lift items weighing more than 100 pounds? b. How often did you lift items weighing between 50 and 100 pounds? c. How often did you lift items weighing between 20 and 50 pounds? d. How often did you lift items weighing between 10 and 20 pounds? e. How often did you lift items weighing up to 10 pounds?
29. In the job you had 1 year after your knee was operated on, did you stand or walk one-third of the time or less or more than one-third of the time? 30. In the job you had 1 year after your knee was operated on, would you describe the physical demands of the job as very light, light, medium, heavy, or very heavy?
